Background: Contrast-induced nephropathy (CIN) remains a leading cause of acute renal failure in hospitalized patients. N-Acetylcysteine has been studied previously for the prevention of CIN, resulting in mixed findings. Objective: The objective of this study was to determine the impact of N-acetylcysteine on the development of CIN in order to guide its use at community, teaching hospitals. Methods: Patients admitted between January 1 and December 31, 2011, receiving intravenous radiocontrast dye were included if they were compliant with two or more of the following conditions: baseline serum creatinine !1.2 mg/dL or estimated creatinine clearance B50 mL/min, age ]75 years, diabetes mellitus, heart failure, or hypertension. The primary outcome was the difference in the proportion of patients in each group (N-acetylcysteine or no N-acetylcysteine) who developed CIN, which was defined as a ]0.5 mg/dL increase in serum creatinine or a ]25% increase in serum creatinine within 12Á96 hours post-exposure to contrast. Results: A total of 302 patients were included, 151 who received N-acetylcysteine and 151 who did not receive N-acetylcysteine. Patients who received N-acetylcysteine had significantly worse renal function at baseline than those who did not receive N-acetylcysteine (mean pre-contrast serum creatinine, 1.41 vs. 0.95 mg/dL, p B0.0001). A lower proportion of patients developing CIN was observed between those who received N-acetylcysteine and those who did not receive N-acetylcysteine (10.2% vs. 21.8%, p 00.0428). Conclusions: The use of N-acetylcysteine was likely associated with a reduced incidence of CIN in patients at risk for CIN development. Based on these results, hospitals may benefit from the development of a protocol to guide the appropriate use of N-acetylcysteine.
C ontrast-induced nephropathy (CIN) is the third leading cause of acute renal failure in hospitalized patients with an incidence ranging from 2% in low-risk populations to 50% in high-risk populations (1Á4). The widely accepted definition of CIN is an absolute (]0.5 mg/dL) or relative (]25%) increase in serum creatinine from baseline after exposure to contrast (3) . This increase in serum creatinine is usually transient, with peaks occurring within 3 days after administration of contrast and a return to baseline within 10 days after administration (2) .
Commonly referenced risk factors for the development of CIN include underlying chronic renal impairment, heart failure, advanced age, decreased blood volume, concomitant administration of nephrotoxic drugs, and type and higher doses of contrast medium (1, 2, 5) . Diabetes mellitus amplifies the risk of CIN in the setting of underlying renal impairment. With these risk factors in mind, tools have been created to help evaluate the risk of CIN in patients undergoing certain procedures ( Table 1 ). The risk level of the patient may help determine the need for prophylaxis in patients requiring contrast.
The pathophysiology behind the development of CIN has not been fully described, but there are three proposed mechanisms: altered renal hemodynamics, direct cytotoxicity, and reactive oxygen species (2, 5) . Based on these potential mechanisms, hydration with saline and/or sodium bicarbonate has been studied for the prevention of CIN, and benefit has been seen with these strategies (6, 7) . With evidence of damage due to reactive oxygen species, it is thought that the antioxidant, N-acetylcysteine, may be able to provide additional benefit in the prevention of CIN by improving renal hemodynamics through vasodilation and by diminishing oxidative stress to the tissue by scavenging oxygen-derived free radicals (1, 3, 8) .
Individual studies and meta-analyses on the use of N-acetylcysteine for the prevention of CIN show mixed results. Studies in this area are often limited by small sample size and failure to meet quality standards such as allocation concealment, blinding, and intentionto-treat analysis (8) . The first study to report benefit of N-acetylcysteine was completed in 2000 (5) . In this study, N-acetylcysteine in addition to hydration was more effective than hydration alone in patients with chronic kidney disease who received contrast. Following the administration of contrast, the incidence of an elevation in serum creatinine of at least 0.5 mg/dL was 2% in the N-acetylcysteine group compared to 21% in the hydration only group (p 00.01) (5) . Following this study, additional prospective trials were begun, and results are largely inconsistent ( Table 2) .
The majority of meta-analyses conducted do show an association between N-acetylcysteine use and decreased rates of CIN. Two meta-analyses evaluating eight randomized controlled trials with a total of 885 patients found that N-acetylcysteine plus hydration significantly reduced the risk of CIN over hydration alone in patients with chronic renal failure (OR, 0.41; 95% CI 0.22Á0.79) (9, 10) . The analysis by Alonso et al. (10) only saw benefit in patients with a baseline creatinine B1.9 mg/dL or those given !140 mL of contrast. The largest metaanalysis included 41 studies (n-6379) and showed that N-acetylcysteine significantly lowered the risk of CIN over saline alone (RR, 0.62; 95% CI 0.44Á0.88) (11) .
Results from a large prospective study (n-2308) were published in 2011, after the publication of previously discussed meta-analyses. This study evaluated N-acetylcysteine in high-risk patients undergoing vascular angiography. The primary end-point of CIN (defined by a 25% elevation of serum creatinine above baseline 48Á96 hours after procedure) occurred in 12.7% of patients receiving N-acetylcysteine and 12.7% of patients in the control group. The two groups had identical baseline serum creatinine levels and a near identical rate of elevation, ]0.5 mg/dL in serum creatinine. This non-significant result was noted in all patient subgroups.
The Kidney Disease Improving Global Outcomes (KDIGO) guidelines (12) determine their recommendations for CIN prophylaxis based on patient risk. According to the guidelines, alternative imaging methods should be evaluated in any patient considered to be at an increased risk of CIN. If other imaging studies are not obtainable, non-pharmacologic recommendations include using the lowest dose of contrast possible and using low-osmolar contrast media. Pharmacologic prevention recommendations consist of intravenous fluid administration of sodium chloride or sodium bicarbonate. Regarding N-acetylcysteine, the KDIGO guidelines suggest using oral N-acetylcysteine, in combination with intravenous crystalloids, in patients at increased risk for CIN. The low cost and low incidence of adverse events associated with N-acetylcysteine form the basis of their recommendation, while recognizing varying results regarding efficacy. Other organizations provide different recommendations for the prevention of CIN. For example, the American College of Cardiology Foundation/American Heart Association Task Force does not recommend the use of N-acetylcysteine. Instead, they prefer adequate hydration alone (13) . Due to increases in costs, in-hospital mortality, and hospital stay associated with CIN, further evaluation of its incidence is warranted (1, 2, 5) . The objective of this study was to determine the impact of N-acetylcysteine on the development of CIN to guide its use.
Methods

Study design
This study was a historical cohort conducted at a 1,000 bed community, teaching hospital. There was no funding received for the study, and all data collection and analysis was completed by the primary author. The study protocol was approved by the appropriate institutional review boards.
Study population
Patients who had received intravenous contrast in 2011 were screened, via use of a random number generator, for inclusion into the study. Patients who met inclusion criteria had at least two of the following characteristics: baseline serum creatinine ]1.2 mg/dL or a creatinine clearance B50 mL/min (calculated via CockcroftÁGault equation), age !75 years, diabetes mellitus noted in their past medical history, systolic heart failure with documented ejection fraction B40%, and/or hypertension evidenced by their past medical history or active use of antihypertensives. In addition, patients had to have a serum creatinine level drawn at baseline (within 1 month prior to receiving contrast) and within 12Á96 hours following contrast administration. Excluded patients were those B18 years of age, those who were pregnant or breast feeding, and those who were receiving dialysis prior to or during the study period.
Procedure
Patients were identified through electronic prescription numbers in the electronic medical record. A list of all patients who received intravenous contrast during the defined study period was generated. From this list, an additional filter was added to separate patients who had also received N-acetylcysteine from patients who had not received N-acetylcysteine. Patients from these two lists (those who received N-acetylcysteine and those who did not) were selected randomly. Data on patients included in these two groups were then collected and analyzed (Fig. 1 ).
Outcomes
The primary outcome was the absolute difference in the proportion of patients who developed CIN with and without the administration of N-acetylcysteine. CIN was defined as a ]0.5 mg/dL increase in serum creatinine or a ]25% increase in serum creatinine within 12Á96 hours post-exposure to contrast.
Secondary outcomes included sub-analysis of the primary outcome according to patients with diabetes mellitus, patients aged !75 years, patients with systolic heart failure, and patients with hypotension (systolic blood pressure B90 mmHg) immediately prior to contrast administration; absolute difference in blood urea nitrogen (BUN) post-exposure to contrast; and proportion of patients with an elevation in serum creatinine of at least 0.3 mg/dL.
Statistical analysis
The primary hypothesis was that N-acetylcysteine would reduce the incidence of CIN. On the basis of reported rates of CIN in previous studies, the anticipated incidence of CIN without N-acetylcysteine was 15%. For the primary outcome, we determined that 302 patients would provide a power of 80% to detect a 10% absolute risk reduction (ARR) with a two-sided alpha level of 0.05. Categorical data were analyzed using the Fisher's Exact Test. Continuous data were analyzed using the Student's t-test.
Results
Patient characteristics
Baseline characteristics are presented in Table 3 . Approximately 45% of patients were aged ]75. The majority of patients had co-morbidities of diabetes and/or hypertension, with more patients with diabetes present in the group not receiving N-acetylcysteine compared to the group that did receive N-acetylcysteine. When comparing baseline renal function, mean pre-contrast serum creatinine in patients receiving N-acetylcysteine was 1.41 mg/dL compared to 0.95 mg/dL in those not receiving N-acetylcysteine (p00.0001).
Primary outcome CIN occurred in 14 (9.3%) patients who received N-acetylcysteine and in 27 (17.9%) patients who did not (ARR 8.6%, p00.0428) ( Table 4 ). The mean increase in serum creatinine post-contrast in patients receiving N-acetylcysteine and patients not receiving N-acetylcysteine 
Secondary outcomes
Secondary outcomes are presented in Table 4 . In a subgroup analysis of the primary outcome, significant differences in the incidence of CIN were seen in patients aged at least 75 years and in patients with a history of hypertension. A significant difference was also noted in the percent change in BUN.
Fluid administration
In the overall population (n0302), 77% of patients received fluids either prior to or immediately following contrast administration; however, the mean percentage was different between the two study groups. In the group of patients receiving N-acetylcysteine, 85% of patients received fluids compared to only 69% of patients in the group that did not receive N-acetylcysteine. Seventy patients did not receive any fluids around the time of contrast administration. Patients who received fluids had a lower incidence of CIN than patients who did not receive fluids (10.8% vs. 22.9%, respectively; p00.0157). The effect of fluid administration in the overall population, in those receiving N-acetylcysteine (p00.0411), and in those not receiving N-acetylcysteine (p00.2561), is presented in Fig. 2 .
Discussion
In this historical cohort, we evaluated the use of N-acetylcysteine for the prevention of CIN. Based on the primary outcome, N-acetylcysteine is likely associated with a lower incidence of CIN. Patients included in this cohort had to have at least two risk factors for the development of CIN. Based on the predictive risk tool by Barrett et al. (2) , the majority of patients in this cohort would have been at a 7.5Á14% risk of developing CIN by our definition. The incidence of CIN in patients not receiving N-acetylcysteine was approximately 18%, which is just above the average incidence in previously reported studies (15.7%) (4) . Similarly, in patients who did receive N-acetylcysteine, the incidence of CIN in our study was similar to the average incidence reported in previous literature (4) (9.3% vs. 8.9%, respectively). This suggests that patients reviewed in this study were at similar baseline risk to those patients reviewed by others previously.
In addition, this study analyzed the effect of fluids, both with regard to use and non-use of N-acetylcysteine, since adequate hydration has been shown to be effective in preventing CIN. The definition of CIN and the risk factors for CIN used in this study are well agreed upon in the literature. In addition to the primary outcome being analyzed with a commonly accepted definition of CIN, other important markers used to describe acute kidney injury and CIN were included as secondary outcomes (absolute change in serum creatinine and change in BUN) (14, 15) .
There were several limitations to this study. First, the retrospective nature of the study does not allow for cause and effect relationships to be analyzed, and we are only able to support an association between the incidence of CIN and N-acetylcysteine use. Second, the dose, route, and frequency of N-acetylcysteine were not analyzed in this study. All patients who received N-acetylcysteine received at least 600 mg/dose and received at least a total of four doses surrounding contrast administration, but no consistent pattern of administration was enforced. For example, some patients received one dose of N-acetylcysteine before contrast and three after, while others received two doses before and three after, and so on. This is a potential confounder as previous literature suggests that certain dosing strategies may be associated with better outcomes (16, 17) . Selection bias is a factor due to patients in the group receiving N-acetylcysteine having worse renal function at baseline. This is likely reflective of healthcare professionals being more likely to order N-acetylcysteine in patients with poor renal function at baseline due to the potential benefit seen in previous literature.
Several additional confounders may be present in this study. The concomitant use of nephrotoxic medications by patients was not taken into account. In addition, there was an observed difference in the percentage of patients in each group that received intravenous fluids. Since fluids are considered the first-line preventative strategy for CIN, the difference in use could impact the results of this study. Finally, while the study did meet power for the primary outcome, it is possible that the non-significant results noted in some subgroups is a result of type II error.
Despite the limitations presented above, this study may provide information that can be used for the prevention of CIN. In this time of nationwide drug shortages, the appropriate utilization of medications is of extreme importance. Based on the subgroup analysis of the primary outcome, a protocol can be developed that takes into account the patients at the highest risk for CIN development. In addition to helping identify those at the highest risk, a protocol could help with the establishment of more consistent N-acetylcysteine dosing. Developing this type of protocol would likely reduce drug cost and allow N-acetylcysteine to be used more resourcefully.
This study conducted in a community, teaching hospital may provide information to healthcare professionals in numerous health-system settings. Specifically, other community-based hospitals can use the data presented here to tailor or develop N-acetylcysteine protocols. While this study was retrospective, the inclusion of over 300 patients allows for extrapolation to other hospitals. Future prospective studies, analyzing a larger number of patients with various risk factors, would help in the development of a protocol for the optimal use of N-acetylcysteine. Ideally, these future studies would take into account confounding factors such as the use of nephrotoxic drugs and the dosing strategy of N-acetylcysteine.
Conclusion
In conclusion, N-acetylcysteine was likely associated with a lower rate of CIN in patients at risk for CIN development. Subgroup analyses reveal patients who may have the greatest benefit, specifically those aged ]75 years and those with a history of hypertension.
